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1
COMPENSATING FOR IMAGE SENSOR
PROFILE VARIATIONS

CROSS REFERENCE TO RELATED
APPLICATION

This application is a U.S. National Phase patent application
of PCT/EP2010/064657, filed Oct. 1, 2010, which is hereby
incorporated by reference in the present disclosure in its
entirety.

FIELD

This invention generally relates to optical scanning of an
object. More particularly the invention relates to compensa-
tion for light variations in optical scanners.

BACKGROUND

Optical scanners conventionally work by illuminating an
object to be scanned with a light source and recording the
reflected light from the object with an image sensor.
Examples of image sensors are charge coupled devices
(CCD) or contact image sensors (CIS). The object may be
separated from the image sensor and the light source by a
glass plate. The image sensor is typically arranged on a mov-
able fixture, moving past a medium to be scanned, or the
medium is pulled past the image sensor by motor-operated
rolls. Thereby a complete scanned image of the physical
medium can be generated. The scanned image is influenced
by the intensity and spectrum of the light source and the
sensitivity of the image sensor. As the intensity and/or spec-
trum of the light generated by the light source and/or the
sensitivity of the image sensor changes over time, images
with faulty colour balances and/or intensity values may
result.

WO09138255A discloses a device for optical scanning,
comprising: a plurality of image sensor elements, where the
image sensor elements are arranged to detect light incident on
the image sensor elements, emitted from a light source and
reflected from an object subject to optical scanning; wherein
the amount of light received at least one of the image sensor
elements is to a larger extent light transmitted from the light
source; and to a smaller extent light reflected from the object.
Thereby some variations in the light generated by the light
source may be accounted for. Further studies have, however,
discovered the need for an improved method of compensating
for light variations.

Thus, it remains a problem to provide a more effective
method for compensating for light variations of light sources
in optical scanners.

SUMMARY

According to a first aspect, there is provided a method of
scanning a physical medium by an image scanner comprising
a first image sensor having a plurality of image sensor ele-
ments that provide an image signal recorded at a first area of
the physical medium, and a first light source associated with
said first image sensor, said method comprising

guiding light emitted from said first light source towards a

first group of image sensor element(s) positioned in a
first end of said first image sensor, recording a first light
calibration value using said first group of image sensor
element(s) indicative of a light intensity, at the first end
of the first image sensor, of the light generated by the
first light source;
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wherein the method further comprises repeating the above
step by using a second group of image sensor element(s)
positioned in a second end of said first image sensor, thus
resulting in a second light calibration value indicative of a
light intensity, at the second end of the first image sensor, of
the light generated by the first light source; and

generating a first compensation signal for image sensor

elements positioned between said first and said second
group of image sensor element(s) by processing said
first and said second light calibration value together;
compensating said image signals provided by said first
image sensor using said first compensation signal.

Consequently, an improved method of compensating for
light variations of light sources in optical scanners and varia-
tions in image sensor sensitivity is provided. By recording
two light calibration values, one at each end of the image
sensors, a compensation signal may be generated which is
capable of compensating for spatial variations in the light
generated by the light source.

The image sensor may comprise image sensor elements
arranged in an array, e.g. a linear array. The image sensor may
comprise two staggered linear arrays of image sensor ele-
ments, e.g. two 600 dpi arrays staggered to create a 1200 dpi
image sensor. Any kind of image sensors suitable for optical
scanning may be used, such as any kind of photo voltaic
sensor e.g. a contact image sensor (CIS) or a charge coupled
device (CCD) camera. The light source may be any light
source such as a xenon-based lighting device, a cold cathode
fluorescent lamp or a Light emitting diode (LED) lighting
device. The image sensors may comprise a plurality of dif-
ferent image sensor elements configured to detect light hav-
ing different wave lengths; e.g. a first image sensor element
may be configured to detect red light, a second image sensor
element may be configured to detect green light, and a third
image sensor element may be configured to detect blue light.
Alternatively or additionally, the lighting source may be con-
figured to illuminate the physical object to be scanned with
light having different wave lengths, e.g. the lighting devices
may be configured to create red, green, and blue light. The
first light source may be associated with the first image sensor
by being arranged so that light generated by the first light
source illuminates a part of a physical medium to be scanned,
resulting in reflected light that can be recorded by the first
image sensor, thereby allowing the first image sensor to form
a scanned image of a part of the physical medium. The first
light source may be arranged together with a light guide that
guides and spreads the light generated by the light source over
apart of a physical medium to be scanned e.g. the light source
may be a LED emitting light into a light guide, that guides and
spreads the light over a part of a physical medium to be
scanned.

The physical medium may be any medium suitable for an
optical scanner e.g. a piece of paper a page in a book, a map,
a drawing, etc.

In some embodiments, the different steps of the method are
performed simultaneously e.g. light may be guided towards
the first and the second group of image sensor elements at the
same time as the physical medium is being scanned e.g. at the
same time as the image sensor records image signals of the
physical medium.

This will allow line by line compensation for variations in
the light generated by the light source, e.g. a compensation
signal may be generated for each image line recorded by the
image sensor of the physical medium. Consequently, fast
temporal variations in the light generated by the light source
may be compensated for.
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In some embodiments, the different steps of the method are
performed at different points in time, e.g. light may be guided
towards the first and the second group of image sensor ele-
ments before the physical medium is being scanned e.g. as
part of a start up calibration of the scanner.

The first and the second light calibration value may be
processed together by any algorithm taking the first and the
second light calibration value as an input and providing a
compensation signal as an output.

Light may be guided from the first light source towards the
first group of image sensor element(s) using any suitable
means ensuring that the light reaching the first group of image
sensor element(s) represents the light emitted towards a part
of the physical medium in proximity of the first group of
image sensors e.g. by having the same intensity and/or spec-
tral distribution. Correspondingly, light may be guided from
the first light source towards the second group of image
sensor element(s) using any suitable means ensuring that the
light reaching the second group of image sensor element(s)
represents the light emitted towards a part of the physical
medium in proximity of the second group of image sensor
element(s) e.g. by having the same intensity and/or spectral
distribution.

The first and the second group of image sensor elements
may each comprise any number of image sensor elements e.g.
atleast 1, 2, 4, 5, 10, 50, 500 or more image sensor elements
and/or no more than 1, 2, 4, 5, 10, 50, 500 image sensor
elements. The first light calibration value may be an average
of'the intensity values recorded by the image sensor elements)
of the first group of image sensor element(s). Correspond-
ingly, the second light calibration value may be an average of
the intensity values recorded by the image sensor element(s)
of the second group of image sensor element(s).

The first compensation signal may be a signal comprising
a compensation value for some or all of the image sensor
elements, e.g. if the first image sensor comprises 5000 image
sensor elements between the first and the second group of
image sensor elements, the compensation signal, may com-
prise 5000 compensation values. The method may compen-
sate the image signals by multiplying the compensation sig-
nal with the image signals and/or subtracting/adding the
compensation signal from/with the image signal. A compen-
sation signal may be generated for each scanned line, and
applied to the image data of that line.

When colour images are scanned, individual compensation
signals may be generated for a plurality of colour channels
e.g. one compensation signal for each of the red, the green,
and the blue channel. The method may perform the above
described steps, for each colour e.g. by first guiding light
having a first colour towards the first and second group of
image sensor elements, measuring light calibration values,
and generating a compensation signal for the first colour, then
guiding light having a second colour towards the first and
second group of image sensor elements, measuring light cali-
bration values, and generating a compensation signal for the
second colour. Alternatively, if the image sensor comprises
image sensor elements configured to detect light having a
different wavelength, a plurality of compensation signals
may be generated in parallel.

In some situations an even better image quality is needed
than can be achieved by the method disclosed above.

In some embodiments, the first compensation signal com-
prises a first part having an average slope that is larger than the
average slope of a second part of the first compensation
signal.
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Consequently, complex spatial variations in the light gen-
erated by the light source can be compensated for. This will
allow scanned images with an improved image quality to be
formed.

The first compensation signal is a function of image sensor
elements, e.g. it is a discrete signal having a value for each
image sensor element between the first and the second group
of'image sensor elements. When the first compensation signal
is a discrete signal, the first part may have a length between 2
and N-2, where N is the number of image sensor elements
between the first and the second group of image sensor ele-
ments. Correspondingly, the second part may have a length
between 2 and N-2. The average slope of the first and the
second part is defined by the following equation:

,_‘f(b)—f(a)
2o |fB 1@

b-a

Where . is the average slope, and the part starts at element
a and ends at element b, f(b) is the compensation value at
element b, and f(a) is compensation value atelement a. Please
note that the absolute value is applied so that the average slope
is always positive. The averages slope of the first part of the
first compensation signal may be at least 10%, 20%, 50%,
100% or 500% larger than the average slope of the second
part.

In some embodiments, the first part of the first compensa-
tion signal constitutes at least 5%, 10%, 20%, 25%, 30%,
50%, or 70% of the compensation signal, and the second part
of'the first compensation signal constitutes at least 30%, 50%,
60%, 70% 75%, 80% or 90% of'the first compensation signal.

In some embodiments, each value of the first compensation
signal is a weighted average of the first and the second light
calibration value.

The weight for a particular value of the first compensation
signal may be unaffected by the value of the first and the
second light calibration value. The weight for a particular
value of the first compensation signal may be influenced by
the distance from the image sensor element that is compen-
sated with the particular value, to the first and the second
group of image sensor elements, e.g. an image sensor element
positioned in proximity of the first group of image sensor
elements may be compensated with a compensation value
influenced to a larger degree by the first light calibration value
than the second light calibration value.

The first and the second light calibration value may be a
value centred around 1, so that a value below 1 indicates that
less light than expected is emitted towards a physical medium
to be scanned and a value above 1 indicates that more light
than expected is emitted towards a physical medium to be
scanned.

When the first light source comprises a lighting device and
a light guide e.g. an LED and a light guide, it has been
observed that not only does the light intensity of the LED
vary, but also the ability of the light guide to spread and
distribute light. However, studies have shown that the relative
spatial distribution of light from the light guide is approxi-
mately constant. So by measuring two light calibration val-
ues, and creating a compensation signal comprising compen-
sation values for the image sensor elements having a fixed
weighted average of the first and the second light calibration
value, a simple and effective method of compensating for
light variation is provided.



US 9,118,785 B2

5

For some applications it may be desirable to obtain a more
precise estimate of the variations of the light intensity of the
light generated by the first light source.

In some embodiments, a third group of image sensor ele-
ment(s) is used to record a baseline calibration value, said
third group of image sensor element(s) being shielded from
light and wherein the step of generating a first compensation
signal comprises processing the first calibration value, the
second calibration value and the baseline calibration value
together.

Consequently, by measuring the baseline calibration value
a more precise estimation of the light intensity of the light
generated by the first light source can be made. This will
allow more precise compensation signals to be generated.

The third group of image sensor element(s) may be posi-
tioned in proximity of the first or the second group of image
sensor element(s). The third group of image sensor elements
may comprise any number of image sensor element(s) e.g. at
least 1, 2, 4, 5, 10, 50, 500 or more image sensor elements
and/or no more than 1, 2, 4, 5, 10, 50, 500 image sensor
elements. The third group of image sensor element(s) may be
shielded from light by a shielding structure configured to
shield a group of image sensor elements from light. The
shielding structure may be a black low reflective surface
positioned on top of the image sensor element(s) of the third
group of image sensor element(s) e.g. a plate of plastic or
metal having a low reflective surface e.g. by being painted
with a black paint. The shielding structure may be non-trans-
parent. Thereby light from the first light source and/or any
other light sources may be blocked for the image sensor
element(s) of the third group. This will allow the image sensor
element(s) of the third group to measure a baseline value, e.g.
a value that will be recorded if a perfect black document is
scanned. The baseline calibration value may be an average of
the intensity values recorded by the image sensor element(s)
of the third group of image sensor element(s).

In some embodiments, light is guided towards said first
group of image sensor element(s) using a first light calibra-
tion unit, and light is guided towards said second group of
image sensor element(s) using a second light calibration unit.

The first and the second light calibration unit may be any
unit capable of guiding light from the first light source
towards the first and the second group of image sensor ele-
ments, respectively. The first and/or the second light calibra-
tion unit may be arranged in a fixed spatial relationship with
the first image sensor, e.g. the first and/or the second light
calibration unit may be attached to the first image sensor or
being attached to a glass plate arranged above or below the
first image sensor.

In some embodiments, the light calibration unit is a struc-
ture having a surface facing towards the first light source,
enabling light emitted from the first light source to be
reflected towards the image sensor element(s) of the first
and/or second group of image sensor elements without being
reflected by the object to be scanned. The surface may be a
highly reflective surface e.g. having a white colour.

In some embodiments, the light calibration unit comprises
means for shielding the first and the second group of image
sensor element(s) from light reflected and/or refracted by a
physical object to be scanned.

The means for shielding the first and the second group of
image sensor element(s) may be a non-transparent surface
facing the physical medium to be scanned, preventing light,
reflected and/or refracted from the physical medium, to reach
the first and the second group of image sensor element(s).

In some embodiments, the light calibration unit is a unit
having a group of mirrors arranged so that a light ray emitted
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from the first light source is guided towards the first and/or the
second group of image sensor elements.

In some embodiments, the light calibration unit is a unit
comprising a light guide, arranged so that light emitted from
the first light source is guided towards the first and/or second
group of image sensor elements.

In some embodiments, said first light calibration unit is
attached to said first end of'said image sensor, and said second
light calibration unit is attached to said second end of said
image sensor.

In some embodiments, the image scanner further com-
prises a second image sensor comprising a plurality of image
sensor elements that provide an image signal recorded at a
second area of the physical medium, where a portion of the
second area is recorded also by the first image sensors,
whereby image data from overlapping and non-overlapping
areas are present in the respective image signals, and a second
light source associated with said second image sensor, said
method further comprising,

guiding light emitted from said second light source towards

a fourth group of image sensor element(s) positioned in
a first end of said second image sensor, recording a third
light calibration value using said fourth group of image
sensor element(s) indicative of a light intensity, at the
first end of the second image sensor, of the light gener-
ated by the second light source;

guiding light emitted from said second light source towards

a fifth group of image sensor element(s) positioned in a
second end of said second image sensor, recording a
fourth light calibration value using said fifth group of
image sensor element(s) indicative of a light intensity, at
the second end of the second image sensor, of the light
generated by the second light source;

generating a second compensation signal for image sensor

elements positioned between said fourth and said fifth
group of image sensor element(s) of said second image
sensor by processing said third and said fourth light
calibration value together;

compensating said image signals provided by said second

image sensor using said second compensation signal.

The image sensors may be arranged in any fashion as long
as acommon area of a scanned medium is recorded by at least
two image sensors. The image sensors may be arranged on a
movable structure, and/or a physical medium may be moved
past the image sensors so that a completely scanned image of
the physical medium may be formed. The common area may
be recorded by the image sensors at different points in time;
e.g. the image sensors may be arranged on two parallel lines,
where every other image sensor is arranged with a field of
view on a first line, and the image sensors in-between are
arranged with a field of view on a second line, where the
distance between the field of view of two adjacent image
sensors on a line is below the width of the field of view of the
image sensors, such that an area of a scanned medium
recorded by an image sensor on the first line is also recorded
by an image sensor on the second line, at a different point in
time; e.g. when the image sensors and/or the physical
medium are/is moved, as described in relation to FIG. 4.

The first and the second image sensor may be structurally
equal. All devices, methods or processing signals, and meth-
ods of scanning described in relation to the first image sensor
may equally be applied to the second image sensor.

According to a second aspect, there is provided an appara-
tus for scanning comprising a first image sensor having a
plurality of image sensor elements that provide an image
signal recorded at a first area of a physical medium, a first
light source associated with said first image sensor, a first
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light calibration unit configured to guide light from said first
light source towards a first group of image sensor element(s)
positioned in a first end of said first image sensor, a second
light calibration unit configured to guide light from said first
light source towards a second group of image sensor
element(s) positioned in a second end of said first image
sensor, and a processing unit for

generating a first compensation signal for image sensor

elements positioned between said first and said second
group of image sensor element(s) by processing a first
light calibration value recorded by the first group of
image sensor element(s) together with a second light
calibration value recorded by the second group of image
sensor element(s).

All components of the apparatus may be integrated in a
single integral unit, e.g. in an optical scanner, or the different
parts of the apparatus may be implemented in different com-
ponents; e.g. the image sensors may be implemented in a first
component and the processing unit may be implemented a
second component, e.g. in a PC connected to the first com-
ponent with data communication means or in a server con-
nected to the internet communicating directly or indirectly
with the first component using data communication means.

According to a third aspect, there is provided a method of
processing signals from a first image sensor having a plurality
of image sensor elements that provide an image signal
recorded at a first area of a physical medium, said method
comprising

obtaining a first light calibration value, indicative of a light

intensity, at the first end of the first image sensor of light
generated by a first light source associated with said first
image sensor,

Wherein the method further comprises repeating the above
step by obtaining a second light calibration value indicative of
a light intensity, at the second end of the first image sensor, of
the light generated by the first light source; and

generating a first compensation signal for image sensor

elements positioned between said first and said second
group of image sensor element(s) by processing said
first and said second light calibration value together.

According to a fourth aspect, there is provided a method of
scanning a physical medium by an image scanner comprising
a first image sensor having a plurality of image sensor ele-
ments that provide an image signal recorded at a first area of
a physical medium, a first light source associated with said
first image sensor, and a first shielding structure associated
with said first image sensor shielding a third group of image
sensor elements from direct and reflected light from the first
light source and any other light sources, said method com-
prising,

recording a first baseline calibration value with said third

group of image sensor element(s);

generating a first compensation signal for image sensor

elements of said first image sensor by processing said
first baseline calibration value;

compensating said image signals provided by said first

image sensor using said first compensation signal.

In some embodiments, the image scanner further com-
prises a second image sensor comprising a plurality of image
sensor elements that provide an image signal recorded at a
second area of the physical medium, where a portion of the
second area is recorded also by the first image sensors,
whereby image data from overlapping and non-overlapping
areas are present in the respective image signals, a second
light source associated with said second image sensor, and a
second shielding structure associated with said second image
sensor shielding a sixth group of image sensor elements from
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direct and reflected light from the second light source and any
other light sources, and said method further comprising
recording a second baseline calibration value with said
sixth group of image sensor element(s);
generating a second compensation signal for image sensor
elements of said second image sensor by processing said
second baseline calibration value;
compensating said image signals provided by said second
image sensor using said second compensation signal.
Here and in the following, the terms ‘processing means’
and ‘processing unit’ are intended to comprise any circuit
and/or device suitably adapted to perform the functions
described herein. In particular, the above term comprises
general purpose or proprietary programmable microproces-
sors, Digital Signal Processors (DSP), Application Specific
Integrated Circuits (ASIC), Programmable Logic Arrays
(PLA), Field Programmable Gate Arrays (FPGA), special-
purpose electronic circuits, etc., or a combination thereof.
The different aspects of the present invention can be imple-
mented in different ways including methods of scanning a
physical medium, the methods of processing signals, and
apparatuses described above and in the following, each yield-
ing one or more of the benefits and advantages described in
connection with at least one of the aspects described above,
and each having one or more preferred embodiments corre-
sponding to the preferred embodiments described in connec-
tion with at least one of the aspects described above and/or
disclosed in the dependent claims. Furthermore, it will be
appreciated that embodiments described in connection with
one of the aspects described herein may equally be applied to
the other aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or additional objects, features and advan-
tages of the present invention will be further elucidated by the
following illustrative and non-limiting detailed description of
embodiments of the present invention, with reference to the
appended drawings, wherein:

FIG. 1a shows an image sensor according to an embodi-
ment of the present invention.

FIG. 15 shows a method of scanning a physical object
according to an embodiment of the present invention.

FIG. 2a-e show examples of light calibration units accord-
ing to some embodiments of the present invention.

FIG. 3 shows two image sensors arranged with an overlap-
ping area according to an embodiment of the present inven-
tion.

FIG. 4 shows four image sensors arranged with overlap-
ping areas according to an embodiment of the present inven-
tion.

FIG. 5a shows an image sensor according to an embodi-
ment of the present invention.

FIG. 56 shows a method of scanning a physical object
according to an embodiment of the present invention

FIG. 6 shows a flow chart of'a method of scanning accord-
ing to an embodiment of the present invention.

FIG. 7a-f show different compensation signals according
to some embodiments of the present invention.

FIG. 8 shows a schematic drawing of an apparatus for
scanning according to an embodiment of the present inven-
tion.

FIG. 9a shows an image sensor according to an embodi-
ment of the present invention.

FIG. 96 shows a method of scanning a physical object
according to an embodiment of the present invention
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FIG. 10 shows two image sensors arranged with an over-
lapping area according to an embodiment of the present
invention.

DETAILED DESCRIPTION

In the following description, reference is made to the
accompanying figures, which show, by way of illustration,
how the invention may be practiced.

FIG. 1a shows a schematic drawing of an image sensor 101
and a light source 103 according to an embodiment of the
present invention. The image sensor comprises a plurality of
image sensor elements 102 arranged in a linear array. The
image sensor may be a CIS image sensor or a CCD image
sensor. Shown is a first group of image sensor elements 104
arranged in a first end of the image sensor 101 and a second
group of image sensor elements 105 arranged in a second end
of the image sensor 101. The light source 103 is associated
with the first image sensor 101 by being arranged so that light
is emitted from the light source 103 towards a physical object
to be scanned and reflected by the physical object towards the
image sensor 101. This allows the image sensor 101 to gen-
erate an image of the physical object. By using suitable means
e.g. as described above or below, light is guided from the first
light source 103 towards the first and the second group of
image sensor element(s) 104 105. This allows the first and the
second group of image sensor element(s) 104 105 to record
light calibration values indicative of the intensity of the first
light source 103 at the first and the second end of the image
sensor 101 respectively.

FIG. 156 shows a method of generating a compensation
signal for image data recorded by the image sensor 101 shown
in FIG. 1a, according to an embodiment of the present inven-
tion. A first light calibration value 106 recorded by the first
group of image sensor elements 104 and a second light cali-
bration value 107 recorded by the second group of image
sensor elements 105 are processed together 108 to create a
compensation signal 109. The compensation signal is a func-
tion of image sensor elements, e.g. a compensation value for
each of the image sensor elements of the image sensor 101
between the first and the second group of image sensor ele-
ments 104 105 may be created.

FIG. 2a shows the function of a light calibration unit 206 of
an image sensor 200 according to an embodiment of the
invention. Light 207 from the light source may be transmitted
or reflected as light waves 208 by a light calibration unit 206.
Transmission or reflection may e.g. take place by means of a
cover or coating 212 on the light calibration unit 206, and
light waves may be directed to corresponding image sensor
elements, whereby the light intensity of the light source may
be measured. This light ray path may be defined as a modified
light ray path in relation to the normal scanning light ray path
of'an image sensor, which is used for scanning the document.
This scanning light ray path can be seen as the light 209 from
the light source, which is reflected or refracted at the glass
plate 210 where the object to be scanned is placed. The light
211 reflected or refracted from the document is gathered by
the array of image sensor elements for recording an image of
the scanned object.

The light calibration unit 206 may reflect, refract, transmit
and/or guide light waves 208 from or through it, and the light
calibration unit 206 may be constructed in any suitable way
for preventing that a portion of light is sent to the object to be
scanned, and to ensure that this portion of light is sent to the
first and/or the second group of image sensor element(s).

Alternatively or additionally, other suitable means than a
light calibration unit 206 as described in relation to FIG. 2a
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may be provided for transmitting, reflecting and/or refracting
light from the light source to the first and the second group of
image sensor element(s), and for shielding the first and the
second group of image sensor element(s) from light reflected
and/or refracted from the object subject to scanning. These
other suitable means may comprise:

one or more units comprising at least partially opaque

white plastic, which may provide light reflection;

one or more units transmitting light by means of a reflector,

where a reflector may result in reflection of a wave front,
such as a light wave. FIG. 256 shows reflectors 213.

the reflector can be a mirror which may result in reflection

of light;

the reflector can be a reflective foil which may result in

reflection of light;

the reflector can be metallised plastic which may result in

reflection of light;
one or more units comprising a light guide, a light pipe, a
light tube or the like, which may result in transportation
of light. FIG. 2¢-d shows a light guide 214.

the light guide can be a prism light guide, which may result
in reflection or refraction of light. FIG. 24 shows a prism
light guide 215.

the reflector may provide specular reflection and/or diffuse
reflection, reflected light can be provided by a silk-
screen printed white patch of the unit. FIG. 2e shows a
silk-screen printed white patch 217.

the diffuse, reflected light can be provided by a matte end

face of the unit.

FIG. 3 shows a first and a second image sensor 301 302
arranged with an overlapping area 309 according to an
embodiment of the present invention. The image sensors 301
302 may be CIS image sensors. The image sensors 301 302
may be arranged on a movable member, moving the image
sensors past a medium to be scanned, and/or the medium may
be moved past the image sensors using suitable means, e.g.
motor operated rolls pulling the physical medium past the
image sensors, such that a complete image of the physical
medium can be generated. A first light source 303 is associ-
ated with the first image sensor by being arranged to emit light
towards a physical medium to be scanned, so that the light
reflected and/or refracted by a physical medium will reach the
first image sensor 301 allowing the first image sensor 301 to
form an image of a part of the physical medium. A second
light source 304 is associated with the second image sensor
302 by being arranged to emit light towards a physical
medium to be scanned, so that the light reflected and/or
refracted by a physical medium will reach the second image
sensor 302 allowing the second image sensor 302 to form an
image of a part of the physical medium. The image sensors
301 302 are arranged such that a portion of the area recorded
of'a scanned medium by one image sensor is also recorded by
another image sensor; e.g. the region 309 is recorded by both
the first and the second image sensor 301 302 just at another
point in time; e.g. when the image sensors or the medium has
been moved. Alternatively, if the image sensors are CCD
cameras, the image sensors may be arranged on a single line
recording the same area of a scanned medium at the same
time. By combining the images recorded by the image sensors
301 302 a full image of a physical medium may be formed.

The first image sensor comprises a first and a second group
of'image sensor element(s) 305 306 positioned in a firstand a
second end for the first image sensor 301. The first and the
second group of image sensor element(s) 305 306 are used to
record a first and a second light calibration value respectively.
Light may be guided from the first light source 303 towards
the first and the second group of image sensor element(s) 305
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306 using two light calibration units as discussed above e.g. in
relation to FIG. 2a-e. Correspondingly, the second image
sensor 302 comprises a fourth and a fifth group of image
sensor element(s) 307 308 positioned in a first and a second
end for the second image sensor 302. The fourth and the fifth
group of image sensor element(s) 307 308 are used to record
a third and a fourth light calibration value respectively. Light
may be guided from the second light source 304 towards the
fourth and the fifth group of image sensor element(s) 307 308
using two light calibration units as discussed above e.g. in
relation to FIG. 2a-e. A calibration signal may be generated
for each of the first and the second image sensor 301 302
using the principles discussed above or below e.g. in relation
to FIG. 1a-b.

FIG. 4 shows four image sensors 401 402 403 404 arranged
with overlapping areas 405 406 407 according to an embodi-
ment of the present invention. The image sensors 401 402 403
404 may be CIS image sensors. The image sensors 401 402
403 404 may be arranged on a movable member, moving the
image sensors past a medium to be scanned, and/or the
medium may be moved past the image sensors using suitable
means, e.g. motor-operated rolls pulling the physical medium
past the image sensors, such that a complete image of the
physical medium can be generated. The image sensors are
arranged on two parallel lines, where every other image sen-
sor 401 403 are arranged with a field of view on a first line and
the image sensors in-between 402 404 are arranged with a
field of view on a second line, where the distance between the
field of view of two adjacent image sensors on a line 409 is
below the width of the field of view of the image sensors 408,
such that an area of a scanned medium recorded by an image
sensor on the first line is also recorded by an image sensor on
the second line 405 406 407, at a different point in time; e.g.
when the image sensors and/or the physical medium have/has
been moved. Each image sensor 401 402 403 404 comprises
two groups of image sensor element(s) used to record to light
calibration values for each image sensor.

Each image sensor has a light source associated. The light
source is arranged to emit light towards a physical medium to
be scanned, so that the light reflected and/or refracted by a
physical medium will reach the image sensor they are asso-
ciated with allowing the image sensor to form an image of a
part of the physical medium. By combining the images
recorded by the image sensors 401 402 403 404 a full image
of a physical medium may be formed.

FIG. 5a shows a schematic drawing of an image sensor 501
having a light source 502 associated, according to an embodi-
ment of the present invention. The image sensor 501 com-
prises a plurality of image sensor elements 503 arranged in a
linear array. The image sensor may be a CIS image sensor or
a CCD image sensor. Shown is a first group of image sensor
elements 504 arranged in a first end of the image sensor 501,
a second group of image sensor elements 505 arranged in a
second end of the image sensor 501, and a third group of
image sensor elements 506 arranged adjacent to the first
group of image sensor elements 504. The light source 502 is
arranged so that light is emitted from the light source 502
towards a physical object to be scanned, and reflected by the
physical object to be scanned towards the image sensor 501.
This allows the image sensor 501 to generate an image of the
physical object. By using suitable means e.g. as described
above or below, light is guided from the first light source 502
towards the first and the second group of image sensor ele-
ment(s) 504 505, respectively. This allows the first and the
second group of image sensor element(s) 504 505 to record
light calibration values indicative of the intensity of the first
light source 502 at the first and the second end of the image
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sensor 501 respectively. By using suitable means as described
above or below the image sensor element(s) of the third group
506 is/are blocked from substantially any light. This may be
achieved by positioning a non transparent surface in close
proximity of the image sensor element(s) of the third group
506 e.g. on top of the image sensor element(s) of the third
group 506.

FIG. 56 shows a method of generating a compensation
signal for image data recorded by the image sensor 501 shown
in FIG. 5a according to an embodiment of the present inven-
tion. A first light calibration value 507 recorded by the first
group of image sensor elements 504, a first baseline calibra-
tion value recorded by the third group of image sensor ele-
ments 506 and a second light calibration value 508 recorded
by the second group of image sensor elements 505 are pro-
cessed together 510 to create a compensation signal 511. The
compensation signal is a function of image sensor elements,
e.g. a compensation value for each of the image sensor ele-
ments of the image sensor 501 between the third and the
second group of image sensor elements 506 505 may be
created.

FIG. 6 shows a flowchart of a method for scanning a physi-
cal medium according to an embodiment of the present inven-
tion. First, in step 601 light is guided towards a first group of
image sensor elements positioned in a first end of an image
sensor. Using the first group of image sensor element(s), a
first light calibration value is recorded. The first light calibra-
tion value may be an average of the light intensity measured
by the element(s) in the first group of image sensor
element(s). Then, in step 602, light is guided towards a second
group of image sensor elements positioned in a second end of
an image sensor. Using the second group of image sensor
element(s), a second light calibration value is recorded. The
second light calibration value may be an average of the light
intensity measured by the element(s) in the second group of
image sensor element(s). In step 603, a first baseline calibra-
tion value is recorded by a third group of image sensor ele-
ments by blocking the third group of image sensor elements
from light. The first baseline calibration value may be an
average of the light intensity measured by the element(s) in
the third group of image sensor element(s). Next, in step 604,
a first gain value for the first end of the image sensor is
calculated, by processing the first light calibration value and
the first baseline calibration value together. The first gain
value may be determined by the following equation:

G, = Ilr;f - ;bref
1=1p

Where G, is the first gain value, I, , is a reference value for
the first light calibration value, I, s a reference value for the
first baseline calibration value, I, is the first light calibration
value, and I, is the first baseline calibration value. The refer-
ence values may be measured in the production and/or devel-
opment phase of the image scanner and/or during subsequent
calibration processes. The reference values indicate the val-
ues that are expected and/or desired. A first gain value above
1 indicates that the light source emits less light than expected
at the first end of the image sensor, and, correspondingly, a
first gain value below 1 indicates that the light source emits
more light than expected at the first end of the image sensor.
In step 605, a second gain value for the second end of the
image sensor is calculated by processing the second light
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calibration value and the first baseline calibration value
together. The second gain value may be determined by the
following equation:

Doref = Tpres

Gr =
2 hL-1Ip

Where G, is the second gain value, 1, s a reference value
for the second light calibration value, I,, ,, .is a reference value
for the first baseline calibration value, I, is the second light
calibration value, and I, is the first baseline calibration value.
The reference values may be measured in the production
and/or development phase of the image scanner and/or during
subsequent calibration processes. The reference values indi-
cating the values that are expected and/or desired. A second
gain value above 1 indicates that the light source emits less
light than expected at the second end of the image sensor, and,
correspondingly, a second gain value below 1 indicates that
the light source emits more light than expected at the second
end of the image sensor. In step 606, a first compensation
signal is generated by processing the first and the second gain
value together. The first compensation signal may comprise a
compensation value for each of the image sensor elements
positioned between the first and the second group of image
sensor element(s) or between the third and the first or the
second group of image sensor elements. Each value in the
compensation signal may be a weighted average between the
first and the second gain value. The first compensation signal
may comprise a first part having an average slope that is larger
than the average slope of a second part of the first compen-
sation signal. This has shown to yield a better result as light
sources may generate light having complex spatial variations.
Finally, in step 607, the generated first compensation signal is
applied to image signals recorded by the image sensor. The
image signal may be a scanned line of a physical medium, so
that each value in the image signal corresponds to an intensity
value recorded by an image sensor element. The compensa-
tion signal may be applied to the image signal by first sub-
tracting the baseline calibration value from the image signal
and then multiplying each value of the image signal with the
correct value in the compensation signal as specified by the
following equation:

Secompl€)=(s(e)=1,) F(e)

where S_,,,.(€) is the compensated image signal, s(e) is the
uncompensated image signal, I, is the first baseline calibra-
tion value, F(e) is the first compensation signal, and e is a
particular image sensor element. Please note that the com-
pensated image signal, the uncompensated image signal, and
the first calibration signal all are functions of image sensor
elements, e.g. they comprise a particular value for each image
sensor element.

FIG. 7a shows a compensation signal 700 according to an
embodiment of the present invention having a first part and a
second part, where the average slope of the first part is higher
than the average slope of the second part, according to an
embodiment of the present invention. The compensation sig-
nal 700 is a function of image sensor elements. The compen-
sation signal starts at element 0 which corresponds to the first
image sensor element used for imaging, and goes until ele-
ment N-1 which corresponds to the last image sensor element
used for imaging, where N is the number of image sensor
elements used for imaging. The compensation signal 700
comprises a first part 701 and a second part 702. The average
slope of the first part 701 is higher than the average slope of
the second part 702. The values of the compensation signal in
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this example are centred around the value 1.0, however in
other examples the values may be centred around other val-
ues. The first part of the signal 700 starts at the first gain value
703 and ends at the second gain value 704. The second part of
the signal 702 is constant at the second gain value 704. The
first gain value is below 1 which indicates that more light than
expected is emitted from the light source at the first end of the
image sensor element. Correspondingly the second gain
value is above 1 which indicates that less light than expected
is emitted from the light source at the second end of the image
sensor element. The first part of the compensation signal 701
corresponds approximately to 30% of the total length of the
compensation signal 700, and the second part of the compen-
sation signal 702 corresponds approximately to 70% of the
total length of the compensation signal 700. FIG. 75-e show
compensation signals according to some embodiments of the
present invention, comprising a first part having an average
slope that is larger than the average slope of a second part.

FIG. 7b shows a compensation signal 700, according to an
embodiment of the present invention, having a first part 701
having a parabolic shape, and a second part 702 having a flat
linear shape. The first part 701 has an average slope that is
higher than the average slope of the second part 702. The
average slope of the first part 701 in FIG. 75 is the same as the
average slope of the first part 701 in FIG. 7.a.

FIG. 7¢ shows a compensation signal 700 according to an
embodiment of the present invention, having a first part 701
and a second part 702 both having a linear shape. The first part
701 has an average slope that is higher than the average slope
of the second part 702.

FIG. 7d shows a compensation signal 700 according to an
embodiment of the present invention, having a first part 701
having a parabolic shape, and a second part 702 having a
linear shape. The first part 701 has an average slope that is
higher than the average slope of the second part 702.

FIG. 7e shows a compensation signal 700 according to an
embodiment of the present invention, having a first part 702
and a second part 701 both having a linear shape. The first part
702 has an average slope that is higher than the average slope
of the second part 701.

FIG. 7f shows a compensation signal 700 according to an
embodiment of the present invention, having a first part 702,
between the two vertical lines 712 711, and a second part 701
between the two vertical lines 709 710. The first part 702 has
an average slope that is higher than the average slope of the
second part 701.

FIG. 8 shows a schematic drawing of an apparatus for
scanning 801 according to an embodiment of the present
invention. The apparatus comprises a first image sensor 803,
afirst light calibration unit 804, a second light calibration unit
805, and a first light source 807. The first light calibration unit
804 is positioned in a first end of the first image sensor 803,
and directs light from the first light source 807 towards a first
group of image sensor elements, enabling them to record a
first light calibration value. The second light calibration unit
805 is positioned in a second end of the first image sensor 803,
and directs light from the first light source 807 towards a
second group of image sensor elements, enabling them to
record a second light calibration value. The apparatus further
comprises a processing unit 806 connected to the image sen-
sors by data communication means 808. The processing unit
806 may process the first and second light calibration value
using the principles discussed above e.g. in relation to FIG.
1a-b. All components of the apparatus 801 may be integrated
in a single integral unit, e.g. in an optical scanner, or the
different parts of the apparatus may be implemented in dif-
ferent components; e.g. the image sensor 803, the first light
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source 807, the first and the second light calibration unit 804
805, may be implemented in a first component 802 and the
processing unit 806 may be implemented in a second com-
ponent 809 e.g. in a personal computer (PC) connected to the
first component 802 with data communication means 808 or
in a server connected to the internet communicating directly
or indirectly with the first component 802 using data commu-
nication means 808.

FIG. 9a shows a schematic drawing of an image sensor 901
and a light source 903 according to an embodiment of the
present invention. The image sensor 901 comprises a plurality
of' image sensor elements 904 arranged in a linear array. The
image sensor may be a CIS image sensor or a CCD image
sensor. Shown is a third group of'image sensor element(s) 902
arranged in a first end of the image sensor 901. The light
source 903 is associated with the image sensor 901 by being
arranged so that light is emitted from the light source 903
towards a physical object to be scanned, and reflected by the
physical object towards the image sensor 901. This allows the
image sensor 901 to generate an image of the physical object.
By using suitable means e.g. as described above or below,
light is prevented from reaching the image sensor element of
the third group of image sensor element(s) 902. This allows
the third group of image sensor element(s) 902 to record a
baseline calibration value indicative of a baseline value for
the image sensor e.g. a value the image sensor elements will
record if a perfect black document is scanned.

FIG. 956 shows a method of generating a compensation
signal for image data recorded by the image sensor 901 shown
in FIG. 94 according to an embodiment of the present inven-
tion. A first baseline calibration value 905 recorded by the
third group of image sensor elements 902 is processed 906 to
create a compensation signal 907. The compensation signal is
a function of image sensor elements, e.g. a compensation
value for each of the image sensor elements of the image
sensor 901 used for imaging may be created. The processing
may be accomplished by generating a flat function having the
baseline calibration value for all image sensor elements.
Image signal recorded by the image sensor 901 may be com-
pensated by subtracting the compensation signal 907 from the
image signals, so zero light intensity corresponds to a value of
Zero.

FIG. 10 shows a first and a second image sensor 1001 1002
arranged with an overlapping area 1007 according to an
embodiment of the present invention. The image sensors
1001 1002 may be CIS image sensors. The image sensors
1001 1002 may be arranged on a movable member, moving
the image sensors past a medium to be scanned, and/or the
medium may be moved past the image sensors using suitable
means, e.g. motor-operated rolls pulling the physical medium
past the image sensors, such that a complete image of the
physical medium can be generated. A first light source 1003 is
associated with the first image sensor by being arranged to
emit light towards a physical medium to be scanned, so that
the light reflected and/or refracted by a physical medium will
reach the first image sensor 1001 allowing the first image
sensor 1001 to form an image of a part of the physical
medium. A second light source 1004 is associated with the
second image sensor 1002 by being arranged to emit light
towards a physical medium to be scanned, so that the light
reflected and/or refracted by a physical medium will reach the
second image sensor 1002 allowing the second image sensor
1002 to form an image of a part of the physical medium. The
image sensors 1001 1002 are arranged such that a portion of
the area recorded of a scanned medium by one image sensor
is also recorded by another image sensor; e.g. the region 1007
is recorded by both the first and the second image sensor 1001
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1002 just at another point in time; e.g. when the image sensors
or the medium have/has been moved. Alternatively, if the
image sensors are CCD cameras, the image sensors may be
arranged on a single line recording the same area of a scanned
medium at the same time.
The first image sensor comprises a third group of image
sensor element(s) 1005 positioned in a first end for the first
image sensor 301. The third group of image sensor element(s)
1005 is used to record a first baseline calibration value. Cor-
respondingly, the second image sensor 1002 comprises a
sixth group of image sensor element(s) 1006 positioned in a
first end for the second image sensor 1002. The sixth group of
image sensor element(s) 1006 is used to record a second
baseline calibration value. A non-transparent structure may
be positioned in close proximity of the third group and the
sixth group of image sensor element(s) to prevent light from
reaching the third and sixth group of image sensor element(s).
A calibration signal may be generated for each of the first and
the second image sensor 1001 1002 using the principles dis-
cussed above or below e.g. in relation to FIG. 9a-b.
Although some embodiments have been described and
shown in detail, the invention is not restricted to them, but
may also be embodied in other ways within the scope of the
subject matter defined in the following claims. In particular, it
is to be understood that other embodiments may be utilised
and structural and functional modifications may be made
without departing from the scope of the present invention.
In device claims enumerating several means, several of
these means can be embodied by one and the same item of
hardware. The mere fact that certain measures are recited in
mutually different dependent claims or described in different
embodiments does not indicate that a combination of these
measures cannot be used to advantage.
It should be emphasized that the term “comprises/compris-
ing” when used in this specification is taken to specify the
presence of stated features, integers, steps or components, but
does not preclude the presence or addition of one or more
other features, integers, steps, components or groups thereof.
The invention claimed is:
1. A method of scanning a physical medium by an image
scanner comprising a first image sensor having a plurality of
image sensor elements that provide image signals recorded at
a first area of the physical medium, and a first light source
associated with said first image sensor, said method compris-
ing:
guiding light emitted from said first light source towards a
first group of image sensor element(s) positioned in a
first end of said first image sensor, recording a first light
calibration value using said first group of image sensor
element(s) indicative of a light intensity, at a first end of
the first image sensor, of the light generated by the first
light source;
repeating the guiding and the recording using a second
group of image sensor element(s) positioned in a second
end of said first image sensor, thus resulting in a second
light calibration value indicative of a light intensity, at a
second end of the first image sensor, of the light gener-
ated by the first light source; and
generating a first compensation signal for image sensor
elements positioned between said first and said second
group of image sensor element(s) by processing said
first and said second light calibration value together;

compensating said image signals provided by said first
image sensor using said first compensation signal for
variations in light intensity of the first light source and
sensitivities of the image sensor elements of the first
image sensor.
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2. A method according to claim 1, where the first compen-
sation signal comprises a first part having an average slope
that is larger than an average slope of a second part of the first
compensation signal.
3. A method according to claim 1, where the first part of the
compensation signal constitutes at least 5% of the first com-
pensation signal, and/or the second part of the first compen-
sation signal constitutes at least 30% of the first compensation
signal.
4. A method according to claim 1, where each value of the
first compensation signal is a weighted average of the first and
the second light calibration value.
5. A method according to claim 1, where a third group of
image sensor element(s) is used to record a baseline calibra-
tion value, said third group of image sensor element(s) being
shielded from the light and wherein the step of generating the
first compensation signal comprises processing the first cali-
bration value, the second calibration value and the baseline
calibration value together.
6. A method according to claim 1, where light is guided
towards said first group of image sensor element(s) using a
first light calibration unit, and the light is guided towards said
second group of image sensor element(s) using a second light
calibration unit.
7. A method according to claim 1, where the image scanner
further comprises a second image sensor comprising a plu-
rality of image sensor elements that provide an image signal
recorded at a second area of the scanned physical medium,
where a portion of the second area is recorded also by the first
image sensors, whereby image data from overlapping and
non-overlapping areas are present in the respective image
signals, and a second light source associated with said second
image sensor, said method further comprising:
guiding light emitted from said second light source towards
a fourth group of image sensor element(s) positioned in
a first end of said second image sensor, recording a third
light calibration value using said fourth group of image
sensor element(s) indicative of a light intensity, at the
first end of the second image sensor, of the light gener-
ated by the second light source;
guiding the light emitted from said second light source
towards a fifth group of image sensor element(s) posi-
tioned in a second end of said second image sensor,
recording a fourth light calibration value using said fifth
group of image sensor element(s) indicative of a light
intensity, at the second end of the second image sensor,
of the light generated by the second light source;

generating a second compensation signal for image sensor
elements positioned between said fourth and said fifth
group of image sensor element(s) of said second image
sensor by processing said third and said fourth light
calibration value together;

compensating said image signals provided by said second

image sensor using said second compensation signal for
variations in light intensity of the second light source
and sensitivities of the image sensor elements of the
second image sensor.

8. A method according to claim 1, where the image scanner
further comprises a second image sensor comprising a plu-
rality of image sensor elements that provide an image signal
recorded at a second area of the physical medium, where a
portion of the second area is recorded also by the first image
sensors, whereby image data from overlapping and non-over-
lapping areas are present in the respective image signals, a
second light source associated with said second image sensor,
and a second shielding structure associated with said second
image sensor shielding a sixth group of image sensor ele-
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ments from direct and reflected light from the second light
source and any other light sources, and said method further
comprising:

recording a second baseline calibration value with said

sixth group of image sensor element(s);

generating a second compensation signal for image sensor

elements of said second image sensor by processing said
second baseline calibration value;

compensating said image signals provided by said second

image sensor using said second compensation signal for
variations in light intensity of the second source and
sensitivities of the image sensor elements of the second
image sensor.

9. An apparatus for scanning comprising a first image
sensor having a plurality of image sensor elements that pro-
vide an image signal recorded at a first area of a physical
medium, a first light source associated with said first image
sensor, a first light calibration unit configured to guide light
from said first light source towards a first group of image
sensor element(s) positioned in a first end of said first image
sensor, a second light calibration unit configured to guide
light from said first light source towards a second group of
image sensor element(s) positioned in a second end of said
first image sensor, and a processing unit for:

generating a first compensation signal for image sensor

elements positioned between said first and said second
group of image sensor element(s) by processing a first
light calibration value recorded by the first group of
image sensor element(s) together with a second light
calibration value recorded by the second group of image
sensor element(s);

compensating said image signals provided by said first

image sensor using said first compensation signal for
variations in light intensity of the first light source and
sensitivities of the image sensor elements of the first
image sensor.

10. A method of processing signals from a first image
sensor having a plurality of image sensor elements that pro-
vide an image signal recorded at an first area of a physical
medium, said method comprising:

obtaining a first light calibration value indicative of a light

intensity at the first end of'the first image sensor, of light
generated by a first light source associated with said first
image sensor;
obtaining a second light calibration value indicative of a
light intensity, at a second end of the first image sensor,
of the light generated by the first light source; and

generating a first compensation signal for image sensor
elements positioned between said first and said second
group of image sensor element(s) by processing said
first and said second light calibration value together;

compensating said image signals provided by said first
image sensor using said first compensation signal for
variations in light intensity of the first light source and
sensitivities of the image sensor elements of the first
image sensor.

11. A non-transitory computer readable storage medium
having stored thereon program codes adapted to cause a com-
puter to perform the steps of the method according to claim
10, when said program codes are executed by the computer.

12. A method of scanning a physical medium by an image
scanner comprising a first image sensor having a plurality of
image sensor elements that provide image signals recorded at
an first area of the physical medium, a first light source
associated with said first image sensor, and a first shielding
structure associated with said first image sensor shielding a
third group of image sensor elements from direct and
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reflected light from the first light source and any other light
sources, said method comprising:
recording a first baseline calibration value with said third
group of image sensor element(s);
generating a first compensation signal for image sensor
elements of said first image sensor by processing said
first baseline calibration value;
compensating said image signals provided by said first
image sensor using said first compensation signal for
variations in light intensity of the first light source and
sensitivities of the image sensor elements of the first
image sensor.
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